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Asymmetric DNA Recognition
In addition, Lys261 also makes a water-mediated hydrogen bond to the N7 atom of the guanine base. However, In the MspI-DNA complex, the enzyme approaches and recognizes DNA mainly from the major groove. Since the other dyad-related outer base pair (G17:C4) has no direct contact with the protein, but instead makes waterMspI recognizes a palindromic sequence and cleaves the DNA at both strands symmetrically, there was an mediated hydrogen bonds to Ser251 and Glu130. Similarly, one inner base pair of the recognition sequence expectation that, like all other structures of Type IIP REases reported to date, MspI would bind to its cognate (G6:C15) forms direct hydrogen bonds with Ser127, Tyr249, and Gln259, whereas the dyad-related base pair sequence as a homodimer. In contrast to this expectation, there is only one MspI molecule on each DNA palin-(G16:C5) is involved in a direct hydrogen bonding with Ser251 and water-mediated interactions with Glu130 drome ( (colored green in Figures 1 and 2A) , two ␣ helices (colored red in Figures 1 and 2A) , and three ␤ strands (colThey make use of the same or similar type of active ored yellow in Figures 1 and 2A) of the smaller ␤ sheet for DNA recognition. It is noteworthy that MspI cleaves DNA giving a 2 base 5Ј overhang, whereas BglI cleaves DNA giving a 3 base 3Ј overhang. However, MspI and BglI share the same distance between the DNA recognition half-sites and the corresponding cleavage points (1 bp), which is distinct from any other Type II REases with known structures (Guo, 2003) . Therefore, the new MspI monomer structure appears to support our hypothesis that the structural organization and possibly the coupling between DNA recognition and catalysis are determined by the distance between the DNA recognition half-sites and the corresponding cleavage points (Guo, 2003) . However, as pointed out above, these two enzymes cleave DNA with different patterns of stagger of their cleavage points on the two DNA strands. This difference in stagger could be achieved by some structural differences between them, presumably related to dimerization (see below). In MspI, helix ␣2 and the first strand in the central ␤ sheet (␤1) are connected by two ␣ helices ␣3 and ␣4 and a 3 10 helix, whereas in BglI the structurally equivalent ␣ helix and ␤ strand are connected directly by a small loop. Likewise, a four-helix bundle consisting of ␣5, ␣6, ␣7, and ␣8 acts as the crossover between strands ␤3 and ␤5 of MspI, to which no similar structure has been previously observed in any other Type II REases. Moreover, helix ␣3 of MspI displays almost perfect spatial overlap with helix ␣2 of BglI, but they run in the opposite orientation.
Possible Mechanisms for DNA Cleavage
The observation of a monomeric MspI-DNA complex in crystals (where MspI is in 18 mM concentration) suggests that such a unique DNA recognition by MspI is likely to occur in an optimal reaction solution where MspI concentrations are much lower (in submicromolar range). Interestingly, in a sedimentation velocity experiment with a 17 M MspI solution, the enzyme appears to exist as a homogeneous monomer (Xu, 2003) . How then can MspI manage to cut both strands of DNA symmetrically? Since there is only one catalytic site in an MspI monomer, some kind of enzyme dimerization or flipping is necessary to cleave both strands of DNA at the recognition site. In a second preliminary study of sedimentation velocity experiment with a 10 base pair DNA containing the MspI recognition site, the enzyme appears to bind to DNA with a monomer-dimer equilibrium. It is thus plausible that MspI binds to its recognition sequence through the monomer-DNA intermediate captured in the crystals and then proceeds to a final homodimer-DNA complex responsible for cleavage of both strands of DNA. To generate such a putative MspI homodimer bound on a single palindromic recognition site, Table 1. each other to form a four-helix bundle ( Figure 4B ). There are however some steric clashes ( Figure 4C ), mainly
